Abstract: We show that it is possible in principle to realize a unit-efficiency initial state preserving interaction-free measurements (IFM) of quantum objects characterized by their superpositions. Some generalized work is also discussed. The concept of Interaction free measurement (IFM) was proposed in 1993 to illustrate the peculiar nonlocal feature of quantum mechanics [1] . It was shown that it is possible to infer the existence of an absorbing object without apparent interaction with the probe photon (hence the name "interaction-free"). As shown in Fig. 1 , the experimental setup is a Mach-Zehnder interferometer. The amplitude transmission and reflection coefficients of the two beam splitters are chosen such that an photon incident from the left lower port exists from the right upper port with certainty. However, when an absorbing object (in the original proposal an ultra sensitive optical "bomb") is in one of the two (upper or lower) optical paths, it blocks any photon following that path and changes completely the interference of the photon wave function. In this case, one finds that there is a finite probability that the photon exits from the right lower port, if the photon is not absorbed by the object. This reveals the presence of the object without it absorbing the probe photon.
. When the absorber is present, the interference of the photon wave function is changed and there is a finite probability that the photon exits from the lower port ( § fires), if the photon is not actually absorbed. This reveals the absorber's existence.
The efficiency of the original proposal of IFM is fairly low, because there is a finite probability that the photon will be absorbed by the object. In later studies it was discovered that the efficiency of IFM can be brought arbitrarily close to unity if one takes advantage of a discrete form of quantum Zeno effect [2] . IFM's have been realized experimentally [2, 3, 4] . Despite this progress, there has been a misapprehension that in principle there is no difference between IFM's of classical and quantum mechanical absorbers. However, in a recent publication [5] it was shown that IFM's of quantum objects can be more subtle than that of classical absorbers. This is the case when the quantum object is in a superposition state. The probing photon in the IFM may be unabsorbed, but if one is not careful the coherence of the state of the quantum object may be changed even though its energy is not. The model under consideration is a mutilevel atom shown in Fig. 2 . The atom is assumed to be in an (arbitrary and unknown) superposition of the two degenerate meta-stable states and which are coupled to the excite state ! " . It was found in [5] that if a circularly polarized photon is used as the probe, it is possible to find out the existence of the atom, but the atomic state is changed. If a linearly polarized photon is used, then in principle initial state preserving IFM's of the atom can be realized, but with a very low efficiency.
In [6] , we proposed an improved scheme for the problem considered in [5] . In our scheme, we use an EPR entangled photon pair as the probe. They enter the Mach-Zehnder interferometer form the left and right lower ports respectively. Polarization sensitive measurements of the photons are then performed at the 4 ports of the interferometer. If nothing is in the interferometer, the two probe photons exit from the two upper ports with certainty. So if the photons are not absorbed, whenever a lower port photon detector fires the presence of the atom is discovered. It was proved that our scheme is not identical with doing the single photon scheme measurement as described in [5] twice sequentially. In our scheme the efficiency for initial state preserving IFM is twice as high as it is in [5] .
In [7] , we discussed a technique to perform initial state preserving IFM of an atom in quantum superposition with efficiency arbitrarily close to unity. Our method is to let the photon pass the atom twice in each interaction. The polarization of the photon is rotated to the orthogonal value the second time it is directed to the atom. In this way the photon will be absorbed with certainty and the atom is effectively an opaque object. So we can turn the problem to that of an opaque object and take advantage of previously discovered high efficiency IFM schemes [2] . In addition, we extend our consideration to more general situations and proved a necessary condition for initial state preserving IFM's of quantum objects characterized by their superpositions. It says that the possibility of interaction must exist between the probe wave function and all components of the superposition.
